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The radiolucent cartilage space of eighty-three patients with unilateral or bilateral slipped capital femoral
epiphysis was measured by a standardized technique. In the majority of patients, whether unilateral or
bilateral involvement, there was bilateral narrowing ofthe cartilage space. In the unaffected hip of unilaterally
involved patients, there was a progressive narrowing as skeletal maturity was attained. A concomitant
anatomical study of cadaver hips, removed at autopsy from adolescent patients, showed a progressive
narrowing of the cartilage as the proximal femur matured. Black females showed most narrowing (minimum
cartilage space width), had the narrowest final cartilage space widths, and took the longest to attain this final
width. While other racial, sexual and therapeutic groups failed to demonstrate statistically significant
differences, the general trend was for females, Blacks, and patients treated by osteotomy to have more joint
space narrowing. However, rewidening occurred in most of these affected joint spaces, in contrast to the
progressive linear decrease observed in unaffected hips and anatomical specimens. On the basis of this study,
we feel that cartilage space narrowing may be anticipated in the post-operative period in most patients treated
for slipped capital femoral epiphysis. This narrowing appears to improve with time. Narrowing of greater
than one-half the original width, in association with pain and limitation ofjoint function, probably represents
"cartilage necrosis," or pathologic joint space narrowing. Unless the narrowing remains less than one-half to
two-thirds of the initial cartilage space for more than twenty-four to thirty-six months, probably no specific
surgical treatment should be undertaken, other than observation and protected weight bearing during any
painful phase. Plotting the roentgenographic cartilage space width during the three month to thirty-six month
phase may be useful in monitoring and predicting the outcome.
INTRODUCTION
Pool [1], referring to the association ofjoint space narrowing following poliomyeli-
tis, septic arthritis, inflammatory disease, trauma and osteoarthritis, demonstrated a
roentgenographic joint space reduction of at least fifty percent in twenty-five of two
hundred patients. Anderson [2] noted increased medial joint space width not only in
Legg-Perthes disease, but also in over one-half the patients suffering from "irritable
hips." Sheck [3] used the width of the joint to help identify roentgenographic
evidence of hip disease. These studies have stressed qualitative, rather than quantita-
tive, aspects of joint space width changes (as determined radiographically).
During the natural course of slipped capital femoral epiphysis a few patients
manifest symptomatology that has been defined as "cartilage necrosis" or "chondro-
lysis" [4-12]. This is characterized by decreasing joint function, increasing pain,
muscle spasm and contracture development. Joint motion may disappear completely,
presumably due to a fibrous ankylosis. The reported incidence has varied from one
percent (2 of 185 patients) [13] to forty percent (19 of 47) [14]. Other studies also have
shown high rates of incidence: twenty-eight percent (36 of 127) [15], twenty-eight
percent (11 of 39) [16], sixteen percent (28 of 166) [17], and fifteen percent (15 of 100)
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incidence of 7.7 percent (170 cases). Infrequently during the treatment of mild slipped
capital femoral epiphysis with extended immobilization of both hips, chondrolysis
has developed in the opposite, presumably normal hip [9,17].
Roentgenographically, cartilage necrosis, or chondrolysis, is diagnosed by "nar-
rowing" of the joint space and subsequent irregular ossification of the acetabulum
and proximal femur. The joint space may disappear completely in some cases.
Despite this qualification of joint space "narrowing," there has been virtually no
attempt to quantify the process. Maurer [16] defined narrowing up to one-half the
original width of four to five millimeters, but gave no further data. Hartman [7]
described the normal width as five to seven millimeters by their technique, but did not
quantify the extent of narrowing. Hartman [7] and Low [17,18] described partial to
complete restoration of the joint space in a certain number of patients, but again
failed to quantify their results.
Since the width of the joint space appears to change during the natural course of
both uncomplicated slipped capital femoral epiphysis as well as cases complicated by
cartilage necrosis, we felt that a more objective quantitative measurement of this
parameter might be useful, particularly for subsequent comparative purposes.
Throughout the remainder of this paper we will use the term cartilage space in lieu of
joint space, since the radiolucent "space" that we have studied is comprised of
reasonably congruent cartilage of the proximal femur and acetabulum, and the
"6narrowing" appears to be a manifestation, in part, of changing volumes of articular
and hyaline epiphyseal cartilage.
Our technique has been applied to ascertain the group(s) most at risk for severe
narrowing, the degree to which such narrowing occurs, the natural course of the
phenomenon and the efficacy of various treatment methods. In addition, histological
and radiological material from an ongoing study of proximal femoral development
[19] will relate the normal processes of ossification center expansion and epiphyseal
maturation to apparent cartilage space changes.
CLINICAL MATERIAL
Roentgenograms of each patient receiving their initial operative treatment for
slipped capital femoral epiphysis at the Newington Children's Hospital from 1953 to
1973, and the Yale University Medical Center from 1958 to 1973 were reviewed.
Antero-posterior films were considered acceptable for the study if the coccyx was
aligned with the symphysis pubis, thus showing both hips in a reasonably uniform
mtanner. Initially, lateral films were also studied, but precise comparison films were
very difficult to obtain, so these views were not used for mensural studies. Patients
without sufficient comparable antero-posterior roentgenograms were excluded from
the study. One hundred and twenty-five patients with a diagnosis of slipped capital
femoral epiphysis were initially reviewed, but only eighty-three had films satisfactory
for this study. Of these eighty-three patients, twenty-five had unilateral disease,
allowing comparison between an involved and a presumably normal hip; follow-up in
each case was at least eighteen months. The remaining fifty-eight patients had
bilateral slipped capital femoral epiphysis, which, invariably, was asymmetric in
degree (severity) of slip; these allowed comparison ofjoint space changes relative to
initial presentation, but not to an opposite normal side. In unilateral involvement, the
initial films of the affected hips, as well as the contralateral unaffected hips, were used
as controls. Thus, two effects were examined: the width variation between the slipped
and unaffected side, and the width variation of the slipped side over time. In bilateral
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involvement, it was necessary to use the initial film of the affected hip as the baseline
control, and only the width variation over time could be studied.
Cases with an obvious diagnosis ofcartilage necrosis (chondrolysis), based primar-
ily upon clinical symptoms and signs of pain, spasm and loss ofjoint function, rather
than roentgenography per se, were arbitrarily excluded from the study, since our
purpose was to ascertain trends of narrowing in various groups, and inclusion of
obviously affected (i.e., cartilage necrosis) patients would undoubtedly bias the
measurements due to severe narrowing and even obliteration ofportions or all ofthe
cartilage space.
MEASUREMENT METHOD
Using the standard antero-posterior roentgenogram described previously, the
following steps were taken (Figs. 1 and 2):
1. A line was drawn connecting the superior edges of the obturator foramina.
2. Perpendiculars to this base line were drawn to form chords of twenty-five
millimeters along the medial aspect of each femoral head.
3. A second chord of similar length was drawn perpendicular to the first chord,
along the superior region of each femoral head.
4. In each femoral head the chords were bisected to obtain the "center" of the
femoral head. Since femoral heads, especially the immature proximal femoral ossifi-
cation centers, are not perfect circles, it was necessary to arbitrarily use these
perpendiculars to obtain uniformity of measurement among cases.
5. The centers of the two femoral heads were connected.
6. Using a protractor centered at the femoral head "center," angles of45, 60, 75, 90,
105, 135 and 150 were marked.
7. The connecting radii were drawn. Usually five radii (45-105) crossed the
radiologic joint space.
8. The distances between the ossified edge of the acetabulum and the capital
femoral ossification center were taken at each of the five radii and averaged.
9. The diametric thickness of the femoral head was measured, preferably at 135
degrees; otherwise at 150 degrees. This measurement allowed standardization of
cartilage space width values if there was a large diametric difference.
10. The width of the space between the capital femoral ossification center and the
medial aspect of the acetabulum was measured along the line connecting the femoral
head "centers."
Although no formal reliability and validity tests were conducted on the mensura-
tion technique, roentgenograms of nine patients were examined by this method by
three different individuals and revealed no significant discrepancies (less than five
percent variation in two cases and less than two percent variation in seven cases).
CLINICAL RESULTS
Cartilage space narrowing qualitatively and quantitatively affected all patients with
slipped capital femoral epiphysis as part of the biological response to either the
disease, the surgical procedure, or both. Since all of the patients from the aforemen-
tioned hospitals had surgical treatment once the diagnosis of a slip was made, there
were no comparisons for differentiation of the natural course of the disease between
non-operated and operated patients. In general, Black females and Black males
tended to show greater narrowing of the cartilage space (both minimum cartilage
space width and quantitative change from the initial presentation); these two groups
also tended to be most affected by severe rather than mild slips.
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1. W ~ A UNE BETWEEN THE SUPERIOR EDGES OF OSOURATOR FORAMINA
2. DRAW A RIGHT ANGLE INTERSECTING THE FEMORAL HEAD
3. DRAW ANOTHER RIGHT ANGLE THROUGH TOP OF HEAD 4. BISECT EACH TO FIND CENTER OF HEAD
5. CONNECT THE CENTERS
6. UNG A MODIFIED PROTRACTOR,MARK THE WDICATED ANGLES
7. CONNECT ALL POINTS WITH CENTER
/ B. MEASURE JOINT SACES
9. MEASURE HEAD WIDTH (135 or 150.)
10.MEASE MEAL JOINT DISTANCE
FIG. 1. Line drawings of ten steps involved in measuring cartilage space width. See text for details.
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FIG. 2. Superimposition of steps 7-10 on a patient x-ray.
Table 1 summarizes the averaged data obtained from the twenty-five patients with
unilateral disease. Nine patients developed cartilage space narrowing greater than
one-third of the initial width; six of these patients improved, while three had not
resolved after a post-operative follow-up of at least eighteen months. Black females
appeared to have more narrowing than the other groups and continued to have the
narrowest joint spaces in the final roentgenograms; interestingly, both affected and
unaffected sides of the Black females were narrower than any other group. Black
females and Black males showed greater quantitative narrowing from two
standpoints-overall narrowing (i.e., minimum cartilage space width attained during
course of follow-up) and amount of decrease from the initial presentation width (1.6
and 1.9 millimeters respectively for females and males). The final cartilage space
width for males (both individualized and total) appeared to be greater than or equal
to the initial presentation width, whereas the final cartilage space width for females
(both individualized and total) appeared to be less than the original presentation
width (although greater than the minimum cartilage space), although neither set of
data was statistically significant. Patients undergoing osteotomy seemed to exhibit
more narrowing than patients undergoing in situ pinning, which might be expected,
as the former group tended to have more severe slips. However, the patients undergo-
ing osteotomy tended to have a greater rebound compared to patients with in situ
pinning. Both operated groups showed a rebound in which the operated side became
wider than the unaffected side. Again, these results were not statistically significant.
With the exception of two of the twenty-five cases, the unaffected hips did not
demonstrate the phenomenon of cartilage space narrowing and rebound, but rather
showed a small, linear decrease from an initial value of4.8 millimeters to a final value
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TABLE I
Cartilage Space Width (CSW), in Millimeters,
in Patients with Uniiateral Involvement
Group (No. Initial Films Minimum CSWa Final Films
of Patients) Affected Side Unaffected Side Affected Side Affected Side Unaffected Side
Black female (3) 4.2 4.3 2.6* 3.3* 3.9
Black male (4) 5.0 4.5 3.1 5.5 4.0
Total Black (7) 4.6 4.4 2.9 4.5 3.9
White female (7) 4.9 5.0 3.6 4.3 4.5
White male (11) 4.9 5.0 3.8 4.9 4.4
Total White (18) 4.9 5.0 3.7 4.7 4.4
Total female (10) 4.7 4.8 3.3 4.0 4.3
Total male (15) 4.9 4.9 3.6 5.0 4.3
Osteotomy (14) 4.9 4.8 3.3 4.8 4.3
In situ pinning (I1) 5.0 4.8 3.5 4.5 4.4
Total (25) 4.8 4.8 3.5 4.7 4.3
aThe narrowing infrequently affected the "normal" side, so these values, which were generally comparable to the initial
film, were not tabulated.
p = 0.03; all other values not statistically significant (Student T test). Values were compared to initial (affected and
unaffected) and final (unaffected) values for the individual group, as well as the "total" group averages.
of 4.3 millimeters. The affected side seemed to narrow more than the unaffected side,
but eventually rebounded to become the wider side. Narrowing ofgreater than one-
third the initial width was associated only with the affected side.
Table 2 presents the averaged data of all affected hips of the entire study group.
Overall the minimum cartilage space width was 3.6 millimeters and was attained
nineteen months after surgery. Virtually every patient exhibited a decrease in the
cartilage space width at some point in the post-operative course (p = 0.0001), with the
affected side demonstrating more narrowing relative to the unaffected side, and
asymmetric narrowing in the bilateral cases, with both sides, in general, demonstrat-
ing greater narrowing than the average "normal" value derived from the unilateral
cases. The maximum, and usually final, cartilage space width ofaffected hips, was 5.5
millimeters and was attained twenty-three and a half months after surgery. Thus,
rebound from the cartilage space width nadir appeared to be rapid relative to thetime
taken to reach the minimum value.
Looking more closely at the various groupings of bilateral cases, observations
similar to the unilateral cases became evident. Black females appeared to have the
lowest overall values for both the minimum and maximum cartilage space widths,
and took the longest post-operative time intervals to attain each value. This was
particularly evident for the recovery (rebound) phase, which averaged thirty-seven
months. The minimum and maximum values for all females were less than the males,
which may be a manifestation of a hormone/cartilage response. None of the values
were statistically significant, but merely reflected trends.
Response to surgery showed that in situ pinning appeared to be associated with less
narrowing and greater rebound than either osteotomy group (Table 2, although the
quantitative change from minimum to maximum in each group was similar (1.8, 1.9
and 2.2 millimeters). The greater narrowing probably is a reflection ofthe severity of
the slips treated by each operative method. The patients undergoing osteotomies
other than biplane took longer to attain a lesser cartilage space maximum than
patients undergoing in situ pinning.
The follow-up period for the bilateral cases ranged from forty-four months to
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ninety-three months, with an average value of sixty months. Thus, the follow-up
period was longer than the usual time for most of these phenomena to occur.
The average difference between the minimum and maximum cartilage space widths
was 1.9 millimeters. All groups, including Black females, showed a response close to
this average. Thus, the primary problem in patients with severe narrowing (who seem
most likely to develop cartilage necrosis) appears to be the initial response, or
narrowing, following the slipped epiphysis, and not the ability of the cartilage to
recover from the narrowed state.
Perhaps the most important observation from this study was the failure to find any
major statistical differences between study groups that would corroborate empiric
differences stated in the medical literature. Hopefully, longer patient studies, done in
a similar fashion, may evolve data that will be statistically significant.
ANATOMICAL STUDY
Since we ascertained that the cartilage space narrowed in the normal hips of
unilaterally affected individuals, and since no data are currently available concerning
changes in the proximal femur during adolescence (i.e., histologic changes, continued
enlargement of the epiphyseal ossification center, etc.), we obtained proximal femurs
from an on-going study of skeletal development being conducted in our laboratory
[19]. These proximal femurs were removed during autopsy from children dying
consequent to tumor (nonskeletal primary) or accident. None of the children had
received steroids. All had been active and weight bearing at least two weeks prior to
death. Eleven cases, aged 9½2 to 18 years, were available. The ages were chronologi-
cally determined, as it was not feasible to obtain post-mortem hand films for skeletal
age determination. Both proximal femurs were removed in seven cases, and one
proximal femur in four cases. Only three acetabula were removed; because of this
small number these were not included. The cases are summarized in Table 3.
All specimens were roentgenographed intact and again after slab sectioning in the
coronal plane, with the position of the intact specimen in a position duplicating
neutral rotation of the clinical films. In order to negate magnification factors (which
certainly were a consideration in the clinical phase), all specimens were placed
directly on the protected sheet film (Kodak RP/M2). Because of the air/specimen
interface, the cartilage was also evident radiologically. Photography of the gross
specimens was also done. Following fixation in formalin, the specimens were decalci-
fied in formic acid and embedded for celloidin sectioning. These histologic prepara-
tions were stained with hematoxylin and eosin or Safranin 0.
The specimen roentgenograms were measured utilizing the same basic technique
described in the clinical study, except that the chords intersected the cartilage
contours rather than the ossification center contours. The same angular reference
points of 45, 60, 75, 90, and 105 degrees were used. At these points the thickness of
the cartilage from the edge of the ossification center to the articular surface was
determined and averaged for each specimen in the unilateral cases and the paired
specimens in bilateral cases. These cartilage width values are summarized in Table 3.
Because of the scatter ofchronological age and sex, an arbitrary means ofclassifi-
cation based upon the roentgenographic appearance of the physis was devised. Any
physis that was completely open across the diameter of the femoral head was
classified 1. Any physis that was closing centrally, but still open peripherally was
classified 2. Any physis that was completely closed was classified 3. The classification
results are given in Table 3 and representative sections are shown in Fig. 3.
Using this physical classification scheme the average cartilage width of nine
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TABLE 3
Anatomic Specimen Data
Specimen Age Sex Side CW a Physisb
1 91/2 M R/L 3.0 1
2 10 M R/L 3.3 1
3 12 M R 2.2 1
4 121/2 M R/L 2.6 1
5 13 F R/L 2.3 2
6 14 F R/L 2.5 1
7 14 F R/L 2.0 2
8 15 F L 1.5 3
9 15 M R 2.0 2
10 15 M R/L 2.1 2
11 18 M L 1.5 3
aCartilage width: average value from five measurements in unilateral cases and ten measurements in bilateral cases.
bClassification scheme described in text.
proximal femora classified 1 was 2.7 millimeters, of seven proximal femora classified
2 was 2.1 millimeters, and of two proximal femurs classified 3 was 1.5 millimeters.
Thus, in normal proximal femoral development in the adolescent phase, maturation
and closure of the growth plate appears to be accompanied by a gradual overall
narrowing of the width of the hyaline/articular cartilage composite. This occurs
because of continuing enlargement of the ossification center to replace the hyaline
cartilage contribution to the cartilage width, leaving only articular cartilage at matu-
ration.
More significant was the histological finding (Figure 3F) that the decreased
thickness was greater adjacent to the growth plate periphery, along the epiphyseal
side of the physis, rather than in the superior weight bearing areas. This was
accompanied by a gradual narrowing and disappearance of hyaline cartilage along
the superior and posterior developing femoral neck (the anterior femoral neck is
usually relatively free of any hyaline cartilage or fibrocartilage).
If we assume that the radiologic cartilage space is approximately one-halfcartilage
of the proximal femur and one-halfcartilage ofthe acetabulum (as it appears to be in
the few cases where acetabula were also available), and further, that there is at least a
twenty percent magnification factor in the clinical x-rays, then the values obtained for
decreasing thickness of the cartilage in the anatomical specimens are almost the same
as the values obtained for the decreasing thickness of the cartilage space of the
unaffected side in unilaterally involved patients in the accompanying clinical study.
DISCUSSION
Cruess [20] reported cartilage necrosis in two of three Black patients, and the
involved patients described by Orofino [15] were all Black. Wilson [21] studied 240
patients, twelve of whom developed cartilage necrosis; nine patients were Black and
six developed cartilage necrosis. Maurer [16] found a high incidence of cartilage
necrosis in patients of Polynesian (Hawaiian) ancestry. These studies are usually cited
as indicative of racial susceptibility to the complication, although the qualification
must be made that many ofthese studies were conducted in hospitals with high Black
or Hawaiian patient populations. Nonetheless, our previous epidemiological study
demonstrated that Black children have a higher risk of occurrence of the disease
(SCFE), severity and complications [22]. Furthermore, our current study, which




FIG. 3. Radiographic and histologic sections of three anatomical specimens, showing the three physis types (see text)
and the decreasing thickness of cartilage with increasing age. A,B: Specimen 1, type I physis. C,D: Specimen 8, type 2
physis. E,F: Specimen 7, type 3 physis-note the areas ofincreased narrowing (arrows) in the non-weight bearing areas, as
compared to 3D. As the femoral head slips posteriorly and inferiorly, this area that normally appears to narrow more
extensively would be rotated into a weight-bearing position.
ence in cartilage space mensuration in Black patients (especially Black females)
compared to White patients. This difference for Black females was manifested in the
narrowest overall cartilage spaces during the course ofthe disease and narrowest final
cartilage space widths. Even the unaffected side in unilaterally involved Black
patients appeared to show a narrower cartilage space width than comparable unin-
volved hips of White patients. Thus, we support the concept that there appears to be
a racial response (and/or susceptibility) that is manifested by increased cartilage
space narrowing consequent to slipped capital femoral epiphysis, irrespective of
whether the patient develops cartilage necrosis. As will be discussed later (in the
biomechanics section), this quantitatively greater narrowing in Black females may be
a major factor predisposing the hip to subsequent pathophysiologic change (i.e.,
cartilage necrosis).
In most studies the male: female ratio varies from 2:1 to 4:1 [23]. In a concomitant
study that we recently conducted at four hospitals involving 415 patients, there were
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263 boys and 152 girls, giving a 1.66:1 ratio [24]. In sharp contrast the sex ratio in
chondrolysis as a complication of slipped capital femoral epiphysis is approximately
1:5 male:female. In the current cartilage space width study the Black female group
demonstrated a greater overall decrease and duration of narrowing relative to the
other population groups. The White females also tended to have narrower cartilage
spaces during the course of the disease, compared to White males, and to the end
results in Black males; however, these differences were not statistically significant.
Further, the accompanying overall patient study (415 patients) revealed additional
data that might explain female predisposition [24]. Bilateral disease was most
frequent in Black females, and females in general showed the highest incidence of
bilaterality. The bilateral cases tended to have more severe involvement of at least
one hip, if not both. Relative endocrine status may also play a role, with the affect of
estrogens being further maturation of the subchondral bone plate under the articular
surface, while testosterone would allow further cartilage deposition before final
maturation of the subchondral plate [25]. Within each sex acceleration ofmaturation
ofproximal femur is greater for children who reach puberty relatively early (particu-
larly in girls experiencing menarche prior to the thirteenth year) [26,27]. The histo-
logic specimens did not appear to show any significant sex differences, although
additional specimens will be obtained, when possible, to ascertain whether a cytoar-
chitectural difference does exist between male and female.
There also appears to be a distinct entity of idiopathic chondrolysis that is
unassociated with slipped capital femoral epiphysis. This disease occurs in adoles-
cents at or near the time ofclosure ofthe capital femoral epiphysis, and demonstrates
an even more striking race- and sex-oriented incidence. Duncan [28] summarized
eight patients; seven were females and five were Black. Jones [29] described the
syndrome in seven Black females. Wenger [30] described two White females. Golding
[5] described thirteen cases, all involving females (twelve Black and one Indian). In
the discussion of Golding's paper several others stated they had encountered the
entity: of those mentioning sex of the patient, all described female involvement, and
apparently all cases involved White patients [5].
While many studies have recognized cartilage necrosis as a severe complication of
slipped capital femoral epiphysis, documentation of spontaneous recovery by resto-
ration of the cartilage space (cartilage regeneration) has been sparse. Lowe [18]
reported that all of his cases evinced some widening of the cartilage space following
the initial narrowing; this was associated with symptomatic improvement. Hartman
[7] found that nine of twenty-eight patients (32 percent) demonstrated some evidence
of restoration of the cartilage space. In this study the range of onset of cartilage
necrosis varied from being present when the patient was initially seen (i.e., prior to
any surgery) to eight months after surgery, while the apparent onset of regeneration
ranged from four to twelve months after recognition of the necrosis. Similarly, in
idiopathic chondrolysis, both Golding [5] and Wenger [30] have advised caution in
following these patients, since partial to complete spontaneous recovery is not
uncommon. In particular Wenger [30] stated that both patients were still sympto-
matic one year after onset of pain and limitation ofjoint motion, but that both were
asymptomatic by two years. Our current study has considerable relevance to this
phenomenon. In the majority of our patients there was initial narrowing of the
cartilage space (most extreme in Black females), and virtually all groups showed a
similar quantitative recovery that averaged 1.9 millimeters (including the Black
female group). However, Black patients took an average of thirty months to achieve
this degree of recovery, while White patients only took an average oftwenty months.
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Black females took the longest to recovery (thirty-seven months). Therefore, recovery
from cartilage space narrowing would appear characteristic of patients with slipped
capital femoral epiphysis, whether or not cartilage necrosis supervenes. The major
difference in the group usually affected by chondrolysis (Black female) is the overall
extent of cartilage space narrowing, and a possible etiologic mechanism that affects
this stage should be sought. The ability to recover may not be totally compromised.
Therefore, we caution against reconstructive surgery until an adequate follow-up
period has lapsed.
Changes in the articular cartilage of patients with slipped capital femoral epiphysis
were briefly described by Elmslie [31] in a paper devoted to the pathology of coxa
vara. Not until 1930 was anything more definitive published, at which time Walden-
strom [12] elucidated extreme thinning of the femoral head cartilage and complete
loss of acetabular articular cartilage, and suggested that the altered synovium was in
some way responsible for the process. Ekholm [32] also supported the contention
that synovial dysfunction was an important pathomechanism. Cruess [20] studied
two cases histopathologically and concurred with the synovial dysfunction theory.
Rutishauser [33] suggested synovial ischemia and reactive pannus formation. Lowe
[18] also examined one case pathologically and speculated that the damaged superfi-
cial layers of the articular cartilage were secondary to loss of normal synovial
secretions.
Golding [5] initially suggested an immunological mechanism due to the presence of
immune complexes in the surface layers of the articular cartilage that would lead to a
synovial reaction directed at removal of these complexes, but which would destroy
some surface cartilage in the process. Particles of articular cartilage introduced into
the joint can certainly produce a synovitis [34], and others have suggested degrada-
tion products of articular cartilage eventuate in the synovitis accompanying osteoar-
thritis [35,36]. Mankin [23] suggested that chondrolysis is an autoimmune response
to articular cartilage antigens, following either autolytic degradation of cartilage or
secondary to changes induced by neovascularization. Once initiated a self-
perpetuating synovitis could cause further cartilage destruction. This process may not
necessarily be an all-or-none phenomenon, and certainly may be race- or sex-linked.
Further immunologic studies, as outlined by Mankin, should be undertaken in the
different groups to see if significant race and sex differences do exist.
Rennie[11] advanced a seemingly new theory that cartilage necrosis was caused by
articular cartilage being unusually (abnormally) sensitive to pressure. Such a biome-
chanical etiology would be compatible with a synovitis/immunologic basis, with the
latter predisposing to the former. However, the biomechanics might be altered
consequent to the initial slip or treatment modalities such as heavy traction, immobi-
lization or early osteotomy, and set up preconditions for development of synovitis or
an autoimmune reaction.
Joint surface incongruency is a feature of the human hip joint [37]. This incongru-
ency may be necessary to ensure adequate circulation of synovial fluid within the
joint. If fine incongruencies of curvature are significant in the provision of a tolerable
environment for loaded cartilage, the loss or alteration of the incongruency could
initiate an inexorable process of cartilage failure. Walker [38] showed that very small
differences in diameter could produce very large differences in stress patterns, and
that the peripheral regions of the acetabulum might become substantially non-weight
bearing. This could lead to softening and fibrillation of the cartilage of these areas
and thus to a more general breakdown of cartilage of the femoral head and remainder
of the acetabulum. Within the posterior-inferior redirection of the femoral head in
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slipped capital femoral epiphysis, the normally narrower areas could be repositioned
into weight-bearing areas, and the acetabular margins would become less weight
bearing. The ability of such areas to respond, hypertrophy and function to allow
effective incongruent relationships may be a primary factor in the eventual develop-
ment of cartilage necrosis.
In most patients both hips showed cartilage space narrowing regardless ofwhether
measureable slipping occurred unilaterally or bilaterally. Nevertheless, recurrent
widening eventually restored most ofthe cartilage space. While Black females showed
more narrowing than other groups, no racial, sexual or therapeutic group demon-
strated significant differences. In general, females, Blacks and major surgical methods
(i.e., osteotomy), combined with severe slipping, were associated with the narrowest
cartilage spaces.
The widening process seemed to occur in three phases: an early, unpredictable
phase lasting about three months, a second phase oflinear increase that could last up
to five years, and a stable, final phase, or end point, marked by little or no widening.
Regular measurements during the second, linear phase may be useful in predicting
the eventual outcome.
Although unaffected hips behaved similarly to affected hips in patients with
unilateral disease, the lack ofa control group ofnormal children ofthe same race, sex
and age who underwent regular roentgenographic examinations over the same time
periods is an unavoidable defect in our study. The possibility that cartilage rebound
may be completely unrelated to the disease and merely a facet of normal maturation
cannot be completely excluded. However, the accompanying anatomical studies
suggest that the cartilage space is normally reduced in a progressive linear fashion.
Furthermore, the widening response may be mechanistically similar to what Pauwels
[39] has described following osteotomies in adult osteoarthritis, and thus related to
biomechanical alterations rather than being an intrinsic response to the pathologic
process causing the slip.
REFERENCES
1. Pool W: Cartilage Atrophy. Radiology 112:47-50, 1974
2. Anderson J: The Significance of the Magnitude of the Medial Hip Joint Space. Brit J Radiol 43:238-239, 1970
3. Sheck M: Roentgenographic Changes of the Hip Joint Following Extra-articular Operations for Degenerative
Arthritis. J Bone and Joint Surg 52-A:99-104, 1970
4. Dunn D: Severe Slipped Capital Femoral Epiphysis and Open Replacement by Cervical Osteotomy. The Hip:
Proceedings of the Third Open Scientific Meeting. St. Louis: C.V. Mosby, 1975, pp 115-126
5. Golding J: Chondrolysis of the Hip. J Bone and Joint Surg 55-B:214-215, February, 1973 (Abstract)
6. Hall J: The Results of Treatment of Slipped Femoral Epiphysis. J Bone and Joint Surg 39-B:659-673, November
1957
7. Hartman J, Gates D: Recovery from Cartilage Necrosis Following Slipped Capital Femoral Epiphysis. Orthop
Review 1:33, 1972
8. Howorth B: Slipping of the Capital Femoral Epiphysis. Am J Orthop 7:10-17, 1965
9. Jerre T: A Study in Slipped Capital Femoral Epiphysis. With Special Reference to the Late Functional and
Roentgenographical Results and to the Value of Closed Reduction. Acta Orthop Scandinavica Suppl 6, 1950
10. Ponseti 1, McClintock R: The Pathology of Slipping of the Upper Femoral Epiphysis. J Bone and Joint Surg 38-
A:71-83, January 1956
11. Rennie A: The Pathology of Slipped Upper Femoral Epiphysis. A New Concept. J Bone and Joint Surg 42-
B:273-279, 1960
12. Waldenstrom H: On Necrosis of the Joint Cartilage by Epiphysrolysis Capitis Femoris. Acta Chir Scand 67:936-946,
1930
13. Wiberg G: Considerations on the Surgical Treatment of Slipped Epiphysis with Special Reference of Nail Fixation. J
Bone and Joint Surg 41-A:253, 261, March 1959
14. Tillema D, Golding J: Chondrolysis Following Slipped Capital Femoral Epiphysis. J Bone and Joint Surg 53-
A:1528-1540, December 197130 OGDEN ET AL.
15. Orofino C, Innis J, Lowrey C: Slipped Capital Femoral Epiphysis in Negroes. A Study ofNinety-Five Cases. J Bone
and Joint Surg 42-A:1079-1083, September 1960
16. Maurer R, Larsen I: Acute Necrosis of Cartilage in Slipped Capital Femoral Epiphysis. J Bone and Joint Surg 52-
A:39-50, January 1970
17. Lowe H: Avascular Necrosis After Slipping of the Upper Femoral Epiphysis. J Bone and Joint Surg 43-B:688-699,
November 1961
18. Lowe H: Necrosis of Articular Cartilage After Slipping of the Capital Femoral Epiphysis. J Boneand Joint Surg 52-
B:108-118, February 1970
19. Ogden J: Chronological Postnatal Development of the Proximal Femur. Study in Progress
20. Cruess R: The Pathology of Acute Necrosis of Cartilage in Slipping ofthe Capital Femoral Epiphysis: A Report of
Two Cases with Pathological Sections. J Bone and Joint Surg 45-A:1013-1024, July 1963
21. Wilson P, Jacobs B, Schecter L: Slipped Capital Femoral Epiphysis: An End-Result Study. J Boneand Joint Surg47-
A:I 128-1145, September 1965
22. Kelsey J, Keggi K, Southwick W: The Incidence and Distribution ofSlipped Capital Femoral Epiphysis in Connecti-
cut and Southwestern United States. J Bone and Joint Surg 52-A:1203-1216, September 1970
23. Mankin H, Sledge C, Rothschild S, Eisenstein A: Chondrolysis of the Hip. The Hip: Proceedings of the Third Open
Scientific Meeting. St. Louis: C.V. Mosby, 1975, pp 127-135
24. Simon T: Studies in Slipped Capital Femoral Epiphysis. Thesis, Yale University School of Medicine, 1975
25. Ogden J, Southwick W: Endocrinopathy and Slipped Capital Femoral Epiphysis. Yale J Biol Med (this issue)
26. Hewitt D, Acheson R: Some Aspects of Skeletal Development Through Adolescence. 1. Variations in the Rate and
Pattern of Skeletal Maturation at Puberty. Am J Phys Anthrop 19:321-331, 1961
27. Hewitt D, Acheson R: Some Aspects of Skeletal Development Through Adolescence. 11. The Inter-Relationship
Between Skeletal Maturation and Growth at Puberty. Am J Phys Anthrop 19:333-344, 1961
28. Duncan J, Schrantz J, Nasca R: The Bizarre Stiff Hip. JAMA 231:382-385, 1975
29. Jones B: Adolescent Chondrolysis of the Hip Joint. South African Med J 45:196-202, 1971
30. Wenger D, Mickelson M, Ponseti I: Idiopathic Chondrolysis ofthe Hip. J Bone and Joint Surg 57-A:268-271, March
1975
31. Elmslie R: Coxa Vara, Its Pathology and Treatment. London: Transcripts ofthe International Congress of Medicine,
1913
32. Ekholm R: Nutrition of Articular Cartilage. Acta Anat 24:329-338, 1955
33. Rutishauser E, Taillard W: L'ischemie articulaire en pathologie homaine et experimentale. La notion de pannus
vasculaire. Rev Chir Orthop 52:197, 1966
34. Chrisman 0, Fessel J, Southwick W: Experimental Production ofSynovitis and Marginal Exostosis in the Knee Joint
of Dogs. Yale J Biol Med 37:409-412, 1965
35. Lloyd-Roberts G: The Role of Capsular Changes in Osteoarthritis of the Hip Joint. J Bone and Joint Surg 35-
B:627-642, 1953
36. Waxman B, Sledge C: Correlation of Histochemical and Biochemical Evaluations of Human Synovium with Clinical
Activity. Arth Rheum 16:376-382, 1973
37. Bullough P, Goodfellow J, O'Connor J: The Relationship Between Degenerative Changes and Load-Bearing in the
Human Hip. J Bone and Joint Surg 55-B:746-758, November 1973
38. Walker P: Discussion of paper by Harris, W., et al. The Hip: Proceedings ofthe Third Open Scientific Mleeting. St.
Louis: C.V. Mosby, 1975, pp 99-102
39. Pauwels F: The Importance of Biomechanics in Orthopaedics, IXeme Congress, SICOT, 1963, pp E-l-E-30
John A. Ogden, M.D.
Theodore R. Simon, M.D.
Wayne 0. Southwick, M.D.
Section of Orthopaedic Surgery and the Human Growth
and Development Study Unit, Yale University, New Haven, CT 06510
and the Newington Children's Hospital